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Absmcl-I. Depot fat sdmples from thirteen individual mid-Pacific turtles Chelonia m.vdas were 
examined for overall fatty acid cornposition. 
1. I t  can be concluded from analysis of fatty acids that the mid-Paafic green turtles generally synthesize 

their tnglyceride depot fats with at least one. but not more lhan two. positions occupied by I2 :O  and 14:O. 
possibly with 16:O and 16: I as well. 

:. The0 two fatty acids are probably utilized as temporary energy storage and are synthesized from 
acetate onginating in the gut from dietary carbohydrates. 
1 The most probable source of d i m  carbohydrate is benthic algae. T h e .  their epiphytes. and gut 

hactena also contribute numerous minor and trace unsaturated fatty acids. 
3. A select group oi  four oils of high iodine value ( > 100) are shown to have a higher than common 

concentration of 22:6n-3-22:5n-3. This suggests a partlcular dietary source of fatty aads different from 
the other samples. posribly including jcllyfsh or other animal matter. 

INTRODUCTION 

The marine turtles arc a fascinating group of animals 
in some danger of disappearing (Thompson, 1988; 
Davenpon et al., 1990). Through energy conservation 
practices (Naito er af., 1990, Sakamoto er al., 1990) 
they are capable of extended migration over thou- 
sands of miles. presumably without food en roure 
(Bustard, 1972). The fact that the bodies arc therefore 
rich in oil has long becn known but nlatively tittle 
work on the composition of their oils (Hilditch and 
Williams, 1964) was possible until the development 
of gas-liquid chromatography. In the last three 
decades details on the fatty acids of depot fats for a 
considerable number of species have been published 
(Ackman et af., 1971; Joseph er af., 1985; Holland 
el af.. 1990). 

In the western Atlantic. tunle grass Thahsia 
reszudinum is a basic food of the grim turtle Chelonia 
myths (Bjorndal, 1980 Williams, 1988). The range of 
the green turtle includes the Pacific Ocean, where 
several sea-grasses are found (Nichols and Johns, 
1985). However. in mid-Pacific these grasscs are often 
scarce and alternative diets must be the norm. In 
an attempt to continue the C. m . v h  food chain 
observations published for Caribbean samples 
(Joseph er al.. 1985) we have examined green turtle 
depot fat samples from thirteen animals of the 
Hawaiian lslands and Johnston Atoll mid-Pacific 
region. 

*Permanent addrcss: Tokyo University of Fishenes. 
Laboratory of Fish Nutntion S-7. Konan 4-chome. 
Minato-Ku Tokyo 108. Japan. 

MATEIlUlS AND M m O D s  

simpler of freshly biopsKd depot fats from field 
studicr of C. mydru were tightly packed in glass vials and 
flown to Halifax, and stored f rom at -30°C until ana- 
lyzed. The fat was dissolved in petroleum ether and the 
triglycmides p d k d  by thin-layer chromatography on silica 
gel. Convmion of triglyarides to methyl aten with 7% 
BF3-MeOH was followed by gas-liquid chromatography in 
a PE-8420 apparatus on a column of flexible fuxd silica 
with a bonded Carbowax-20M coating (SUPELCOWAX- 
IO. 30 m x 0.25 mm id.). Operating conditions were: hold 
at 185°C for 8min. program to 220°C at I'/min, and 
hold. as desxibcd and illustrated by Ackman (1987). Peak 
areas were converted to mght  per cent fatty acids by a 
prognm (Ad;man and Eatoa 1978) incorporating flame 
ionization correction factors (Cnske and Bannon. 1988) 
and simultaneously providing a calculated iodine value. 

llEsULTs 

The fourtan analyses of triglycerides included 
one duplicate analysis (Table 1). Basically, all 
had four important saturated acids ranging in total 
from 37 (w/w)% to just over SO (w/w)%. Similarly, 
monoethylenic add totals ranged from 35 (w/w)% to 
45 (w/w)%. There were few distinctive characteristics 
among the polyunsaturated fatty acids. but the calcu- 
lation of (w/w)% fatty acids by the computer pro- 
gram also provided the calculated iodine value. This 
is a fair summation of the numbers of ethylenic bonds 
in all types of fats (Hilditch and Williams. 1964). 
including marine oils of fish and mammal origin 
(Ackman, 1982). Accordingly the samples of Table 1 
are organucd in descending order of calculated iodine 
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value ana are divided arbitranly into three groups for 
discussion purposes. Samples with numbers 8-14 
were collected at Johnston Atoll but this does not 
bias [he assignment by calculated iodine value. some 
fallins inro each group. The four turtle oils with 
iodine values of 131-103 (Group I)  are in the low 
range ior tish oils. but comparable to some hernng 
oils (Ackman and Eaton. 1970). However. in many 
fish oils the “basic composition” of fish oils (Ackman 
PI ul.. 1988) is modified by two exogenous long-chain 
monoethylenic fatty acids, usually with 22: 1 > 20: I .  
The Group I mid-Pacific turtle oils actually con- 
tained slightly more saturated fatty acids than 
manne tish oils which can often have up to 30% of 
3uch acids (Ackman. 1988). The c)ur Group I oils 
have l6:O (palmitic acid) and 14:O (mynsric acid) 
represented in about the same proportions. 13-14%. 
and 6-1 1 %  respectively. as are found in most fish 
oils (Ackman. 1982). but there is about 5% steanc 
acid in the turtle oils vs about I %  in most fish oils. 
A second and definitely a key factor differentiating 
the turtle total saturated acids from those of fish 
oils is the IZ:O (lauric acid) present in proportions 
as high as I I?6. This acid is present only in traces 
in fish oils. 

The monoethylenic fatty acids in the turtle oils are 
dominated by the ubiquitous 18: In-9 (oleic) acid. 
accompanied by the 18: In-7 isomer (cis-vaccenic 
acid) in a IO: I proportion. In clupeid fish oils, which 
are rich in 22: 1, the 22: In-1 1 isomer (cetolic acid) is 
of exogenous origin (Achnan et d., 1980) and domi- 
nant. In the turtle fats the 22:1n-9 (erucic acid) 
isomer is about as important, and is potentially of 
endogenous origin. as is the 16:ln-7 (palmitoleic 
acid). In this group the dienoic and trienoic polyun- 
saturated fatty acids are all minor, as is also not 
unusual in marine !ish oils. The tetraenoic acids show 
enrichment in both 20:4n-6 (arachidonic acid) and 
the higher homologue 22:4n-6 (adrcnic acid). The 
20:4n-6 is about three to four times as important as 
in clupeid fish oils, and the equally obvious 22:4n-6 
is about 10 times as important as in the fish oils. 
These two fatty acids are an indication of the tropical 
fatty acid systems which are notably richer in these 
two fatty acids than the northerly (or southerly) fish 
oil and lipid fatty acids (Ackman. 1989). This feature 
extends into the pentaenoic acids where 22: Sn-6. also 
a minor fatty add in cfupcid oils, is almost as 
important as the other pmtaenoic acid, the isomeric 
22: 511-3. The latter is also the isomer found in high 
proportions in cold water seal oils (Ackman and 
Eaton, 1988). The surprising feature of the four 
Group I oils is however the high (8-14%) proportion 
of 22:6n-3 (docosahexaenoic add or DHA). As this 
fatty acid has an iodine value of 464. it is clear that 
i t  is a major factor in the high iodine value of this 
group of turtle fats. 

The second grot10 (11) of four turtle fat analyses 
represents only three animals (see below). The iodine 
values ranging from 87 down to 69. have no exact 
parallel in commercial fish oils. although a crab 
tnglyceride fraction of comparable iodine value has 
been described (Takeuchi and Ackman. 1987). This 
group of animals shows a moderate increase in total 
saturated fatty acids to 50% and this increase is 
mostly in 12:O. which approximately doubles to as 

much as 16%. and in 14:O which increases by about 
50%. Steanc acid (18:O) is. however. rhe same 
percentage of total fatty acids as in the fatty acids of 
the higher iodine value group. 

The monoethylenic fatty acid totals change very 
little. but 20: 1 and 22: I are reduced overall. An 
unexpected change is in the proportion of 18: In-7 to 
18: In-9. the former increasing from an average of 
10.4% of total 18: 1 for the first four oils to 12.7 for 
the second three animals with oils of lesser iodine 
values. This reflects an increase in the related 16: 111-7 
from an average of 6% to 1.2%. 

The dienoic, trienoic and tetraenoic polyunsatu- 
rated fatty acid are reduced by about 50% in these 
three animals compared to the high iodine value 
group. This extends to all of the higher unsaturated 
acids but principally affects the 12:6n-3. which 
drops to less than the 22:5n-3 in the one animal 
providing two of the four oils analyzed. These two 
samples. 5 (carapace) and 4 (pelvis). came from one 
animal and provide convincing evidence of the stab- 
ility of the samples. the accuracy of the GLC analy- 
sis, and the uniformity of distnbution of depot fat 
composition in these large animals. This animal has 
less 22:6n-3 than the other two in the group, but 
this is compensated for by the higher total pentaene 
fatty acids. 

The last six oils (Group 111) have iodine values 
from 63 down to 51. There is. however. so further 
increase of note in the saturated fatty acids which 
s t a b i b  at almost exactly 50% by weight of fatty 
acids. Of this as much as 21% by weight is 12:O and 
12% is 14:O. The two highest 12:O numbers may be 
offset by less 18:O and possibly also by less 16:O. 

In the mowethylenic acids the totals for Group 111 
are consistently just over 40% of all fatty acids. With 
the exception of oils 7, and 3, and 12. the percentages 
of 18: In-7 in total 18: I average 12.15. or about the 
same as in Group 11. The further increase in 16: In-7 
to an average of 8.2% is thus not reflected in chain 
extension to 18: In-7. The 20: 1 and 22: 1 fatty acids 
are still definite components but not of any import- 
ance. The less polyunsaturated fatty acids are again 
negligible in importance, and there is a further drop 
in 22:6n-3 to well under 1% (except for No. l5), a 
major difference since the total pentaenes, especially 
22:5n-3, remain higher. 

DISCUSSION 

To consider the implications of the fatty acids in 
the low iodine marine value oils of green turtles one 
must consider the proportions of fatty acids in mole 
per cent and not weight per cent. The approximately 
50% weight p e m t  of saturated acids includes. in 
round (wiw%) figures. 20% of 12:O. and 10% of 
14:O. The lower molecular weight of these acids 
means that they add up to higher percentage numbers 
in mole %. and if combined with 16:O and 16: I the 
total mole YO is at least 55. approaching two-thirds of 
the fatty acids. Thus two out of three glycerol pos- 
itions could be occupied by those shorter-chain satu- 
rated fatty acids (plus 16: I )  which have no obvious 
dietary source and can be readily biosynthesized by 
the turtles themselves (Joseph er al.. 1985). Litchfield 
(1972) has discussed the rather scanty data for fatty 
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x i d  distnbution of turtle oil fatty acids in triglyce- 
rides .IS part of a review of specific synthesis ol' 
wiglycerides. The dearth of polyunsaturated fattv 
acids in the six particularly low iodine value oils of 
Grow Ill. means that the turtles are forced to use 
freshly biosynthesized rnonoethvlenic fatty acids to 
make up the balance of the triglyceride fatty acids 
mce  polyunsaturated fatty acids require at the least 
C,, precursors. The small increase in 16: In-7 may be 
included in this process but both of the necessary 
16: In-- and 18:ln-9 could be either dietary or 
biosvnthesized de noco. Brockerhoff e! ul. (1968) 
clearly show the 16: 1 and 18: I concentrated in the 
2-position for tnglycerides of the leatherback Der- 
iwciieit.~ coriuceu coriuceu. The saturated acids 12: 0. 
I4:O. 16:O and 18:O in the same sample (Table 2 )  
have a rather peculiar distribution. The two shorter 
chains are equitably distnbuted in the 1.3-positions. 
but t h e  two longer chains favor the I-position. over 
the 3-position. as in other higher animals. Litchtield 
did not clanfy the status of the pentaenoic acids in the 
few turtle tnglycendes examined. 

The iour high iodine value oils contain approxi- 
mately one-third mole per cent for the three principal 
saturated fatty acids ( 1 2 : O t  14:Ot 16:O). I t  thus 
appears possible to speculate that the triglycerides of 
the green turtle depot fats always contain at least 
one-third freshlv biosynthesized saturated acids in the 
I -  and 3-position (Table 2). 

There are two possible reasons for this emphasis on 
shorter chain saturated fatty acids. One is the need 
for a low-melting depot fat which could be favored 
by a mixture of fatty acids rich in 12:O. The large 
marine turtle body temperatures may well be higher 
than that of the ambient sea-water as dird 
elsewhere (Ackman er af., 1971; Frair er al.. 1972; 
Davenport et of.. 1990: Holland et al., 1990). The 
second is that this is a simple way of storing energy 
from dietary carbohydrate. 

Stomach contents and observations of feeding 
behaviour of mid-Pacific green turtles (Balan. 1985; 
Balazs er al.. 1987) have recently been published. If 
the diet of the Pacific green turtle is basically benthic 
algae but occasionally includes sea-grasses, coelen- 
terates. or floating algae. or fish remains. then all 
of the polyunsaturated acids. including the 20:4n-6 
and 22411-6 (Sipos and Ackman. 1968; Ami er ai.. 
1989 Holland er ai.. 1990). are explained and the 
basic triglyceride simply incorporates these from the 
diet without modification. One piax of evidentx 
suggesting a particular diet factor for this group is the 
ratio of 22:6n-3 to 22:5n-3. For samples 6. 11. 2 and 
IO this figure is 3.7. 4.0. 3.4 and 3.8. In the other 
groups there is no such correlation. but the low levels 
preclude a definitive comparison. Bjorndal er af. 
(1991) discuss why green turtles may select a specific 

Table 2 Dtstnbuuon of satunid  and monounsaturated 
ncidr in make% in ihc inglycende of leatherback lurlle hit  

Fdliy acid 
<il~ccrol 
po,itron 12.0 14.0 16:O 1S:O i6:l  IY:l  

I 7 IS 24 12 7 I2 
2 IO 4 2 13 45 
9 1 4  io j 8 19 

tFmm Brockcrhoff e1 51. (1%8). 

diet. Litchfield (1972) speculated that the position on 
the glycerol of the n-3 pentaenoic acid in the one 
marine turtle triglyceride examined would be similar 
to that 0 1  the 22:6n-3. 

Whatever the ongin. i t  is clear from the accumu- 
lations of long-chain fatty acids of both the n-6 and 
n-3 families (Table I ) that there is no A4.5 desaturase. 
This would be necessary to extend these fatty acids 
respectively to 22:Sn-6 and 22:6n-3 (Chapkin and 
Miller. 1990: Cleland er al.. 1990: Garcia er al.. 1990). 
If  operative on 22511-3 it should. according to cur- 
rent thinking, be equally operative in 22:3n-6. which 
is not the case. Depot fats need to be distinguished 
from meat lipids which contain phospholipids, but 
Alian er 01. (1986) have observed that green turtle 
"meat contained less unsaturated fatty acid than 
loggerhead turtle meat". This could be the result of 
dietary preferences as much as of regional ongin. 
Information on muscle and organ lipids in green 
turtles is limited (Holland er al.. 1990). 

Marine algae are clearly the principal basis of the 
diets of mid-Pacific green turtles (Balm el al.. 1987) 
and anv carbohydrate could be quickly broken down 
to acetate in the turtle's digestive tract (Bjorndal, 
1980: Bjorndal er al.. 1991) and then resynthesized to 
I 2 : O  and 14:O. The lipid content of marine algae is 
very low and the types of polyunsaturated fatty acids 
vanable (Ackman. 1981 ). There are usually numerous 
algal epiphytes as well as the main seaweed body. The 
absence of significant 18:2n-6 and 18:3n-3 in the 
depot fat of any of these turtles is evidence that, 
unlike the Atlantic mast situation, sea-grasses (actu- 
ally terrestrial plants adjusted to a marine milieu and 
with photosynthetic lipids containing 18: 211-6 and 
18: 3n-3) arc not involved. The C, and CE pdyunsat- 
urated fatty acids found in small amounts in Groups 
I1 and 111 could have come from floating Pacific 
seaweeds. In most marine algae 22:6n-3 is much less 
obvious than 20:5n-3 (Nichols e! ai., 1985; Takagi 
et 01.. 1985; Volkman er uf.. 1989). In animals 5 and 
in four out of five cases in Group 111 this proportion 
is observed. Large g m n  turtles thus biosynthesize 
most of their depot fats de n o w  from acetate and 
other volatile fatty acids (Bjomdal er ai., 1991) to suit 
specific biochemical needs relating to energy storage 
and to confer physical properties matching their body 
temperatures. The addition of the C, and C, polyun- 
saturated fatty acids seems to be purely adventitious 
and based on dietary factors. These fatty acids t h m -  
fore offer opportunities for food chain research in 
marine turtles similar to those recently observed in 
the blue-banded sea-snake Loricauda colubrina (Ack- 
man et ai., 1991). 

Little is known about the functions of the fats 
of most reptiles (Derickson. 1976). R e n t  dietary 
and analytical studies with the American alligator 
( Alligutor missicsippiensi) provide parallels in the 
conversion of carbohydrate to body mass (Staton 
rr al., 1990a). and in deposition of the longer-chain 
polyunsaturated fattv acids (Peplow et ai.. 1990: 
Staton er a/.. 1990b). The depot fats from one study 
include 12:O from a dietary source, coconut fat. This 
fatty acid was nor deposited when not in the diet 
(Staton er al.. 1990b). Otherwise the depot fats 
responded as expected to dietary fatty acids and 
bioconversion of C,, polyunsaturated fatty acids to 
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C?, m d  C,: fatty acids did not lead to important 
deposition in depot fats 
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